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(57) ABSTRACT

Disclosed herein 1s an apparatus that includes: a semicon-
ductor substrate including first and second STI regions
arranged 1n a first direction, a first diffusion region having a
first conductivity type surrounded by the first STI region, a
second diffusion region having a second COIldllCthlty type
surrounded by the second STI region, and a third diffusion
region extending in a second direction such that the third
diffusion region 1s arranged between the first and second STI
regions; a first gate electrode including a first polycrystalline
silicon film covering a part of the first diffusion region to
form a P-channel MOS transistor; a second gate electrode
including a second polycrystalline silicon film covering a
part of the second diffusion region to form an N-channel
MOS ftransistor; and a third polycrystalline silicon film
extending i1n the second direction such that the third
polycrystalline silicon film covers the third diffusion region.

17 Claims, 5 Drawing Sheets
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SEMICONDUCTOR DEVICE HAVING STI1
REGIONS

BACKGROUND

In a semiconductor device, an active region where a
transistor 1s formed 1s surrounded by an STI region. The STI
region 1s mainly made of silicon oxide. Therefore, there 1s a
problem that oxygen contained 1n the STI region migrates
into a gate msulating film to cause change of a threshold
voltage of the transistor. This problem 1s significant espe-
cially when a High-k material 1s used for the gate mnsulating

film.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a schematic plan view showing a configuration
of a semiconductor device according to the present disclo-
sure.

FIG. 2A 1s a schematic plan view showing a region A
shown 1n FIG. 1 in an enlarged manner.

FIG. 2B 1s a schematic cross-sectional view taken along
a line B-B 1n FIG. 2A.

FIG. 3A 1s a schematic cross-sectional view showing a
portion 1 FIG. 2B 1n more detail.

FIG. 3B 1s a schematic cross-sectional view showing
another portion 1 FIG. 2B 1n more detail.

FIGS. 4, 5A, and 5B are schematic diagrams for explain-
ing a manuiacturing process ol the semiconductor device
according to the present disclosure.

DETAILED DESCRIPTION

Various embodiments of the present invention will be
explained below in detail with reference to the accompany-
ing drawings. The following detailed description refers to
the accompanying drawings that show, by way of illustra-
tion, specific aspects, and embodiments 1n which the present
invention may be practiced. These embodiments are
described 1n suflicient detail to enable those skilled 1n the art
to practice the present invention. Other embodiments may
be utilized, and structural, logical, and electrical changes
may be made without departing from the scope of the
present 1nvention. The various embodiments disclosed
herein are not necessary mutually exclusive, as some dis-
closed embodiments can be combined with one or more
other disclosed embodiments to form new embodiments.

FIG. 1 1s a schematic plan view showing a configuration
ol a semiconductor device according to the present disclo-
sure. The semiconductor device according to the present
disclosure 1s a standard cell semiconductor device and, as
shown 1 FIG. 1, includes STI regions 11 to 14 provided 1n
a semiconductor substrate and a plurality of active regions
respectively surrounded by the STI regions 11 to 14. The
active regions are portions of the semiconductor substrate.
FIG. 2A 1s an enlarged view of a region A shown 1n FIG. 1.
FIG. 2B 1s a schematic cross-sectional view taken along a
line B-B 1n FIG. 2A.

The active region surrounded by the STI region 11
includes P-type diflusion regions 21 and 24. The active
region surrounded by the STI region 12 includes N-type
diffusion regions 22 and 27. The active region surrounded by
the STI region 13 includes an N-type diffusion region 26.
The active region surrounded by the STI region 14 includes
a P-type diffusion region 29. As for each of the P-type
diffusion regions 21, 24, and 29 and the N-type diffusion
regions 22, 26, and 27, multiple diffusion regions are
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arranged 1n the Y direction. Further, gate electrodes G1, G4,
and G9 are provided on the P-type diffusion regions 21, 24,
and 29, respectively, whereby a plurality of P-channel MOS
transistors are formed. A region in each of the P-type
diffusion regions 21, 24, and 29 not covered by the gate
clectrode G1, G4, or G9 1s a source/drain region. Gate
clectrodes G2, G6, and G7 are provided on the N-type
diffusion regions 22, 26, and 27, respectively, whereby a
plurality of N-channel MOS transistors are formed. A region
in each of the N-type diflusion regions 22, 26, and 27 not
covered by the gate clectrode G2, G6, or G7 1s a source/drain
region. A diflusion region 23 extendmg in the Y direction 1s
arranged between the STI reglon 11 and the STI region 12.
Accordingly, the diffusion region 23 is interposed between
the P-type diffusion region 21 and the N-type diffusion
region 22 that are adjacent to each other 1n the X direction.
A diffusion region 25 extending in the Y direction 1s
arranged between the STI region 11 and the STT region 13.
Accordingly, the diffusion region 25 1s iterposed between
the P-type diffusion region 24 and the N-type diflusion
region 26 that are adjacent to each other 1n the X direction.
A diffusion region 28 extending in the Y direction 1s
arranged between the ST1I region 12 and the ST region 14.
Accordingly, the diffusion region 28 1s interposed between
the P-type diffusion region 29 and the N-type diffusion
region 27 that are adjacent to each other 1n the X direction.

The gate electrodes G1, G2, G4, G6, G7, and G9 are
connected to an upper wiring layer (not shown) through via
conductors 41, 42, 44, 46, 47, and 49, respectively. The
source/drain regions of the P-type diffusion regions 21, 24,
and 29 are connected to an upper wiring layer (not shown)
through via conductors 51, 54, and 39, respectively. The
source/drain regions of the N-type diffusion regions 22, 26,
and 27 are connected to an upper wiring layer (not shown)
through the via conductors 52, 56, and 57, respectively.
Further, a dummy gate electrode DG1 1s provided between
the P-type diffusion regions 21 that are adjacent to each
other 1n the Y direction. A dummy gate electrode DG4 1s
provided between the P-type diffusion regions 24 that are
adjacent to each other in the Y direction. A dummy gate
clectrode DG9 1s provided between the P-type diffusion
regions 29 that are adjacent to each other 1n the Y direction.
A dummy gate clectrode DG2 1s provided between the
N-type diffusion regions 22 that are adjacent to each other in
the Y direction. A dummy gate electrode DG6 1s provided
between the N-type diflusion regions 26 that are adjacent to
cach other 1n the Y direction. A dummy gate electrode DG7
1s provided between the N-type diflusion regions 27 that are
adjacent to each other 1n the Y direction.

The diflusion regions 23, 25, and 28 are dummy diffusion
regions provided for reducing the volume of the STI regions
and have a 1mpur1ty concentration lower than the P- -type
diffusion regions 21, 24, and 29 and the N-type diffusion
regions 22, 26, and 27 The conductive type of the diffusion
regions 23, 25, and 28 may be P-type or N-type. The
diffusion regions 23, 235, and 28 are respectively covered by
conductive patterns 33, 35, and 38 that are extending in the
Y direction. It 1s preferable that the diffusion regions 23, 25,
and 28 are completely covered by conductive patterns 33,
35, and 38, respectively. In this case, each of the diffusion
regions 23, 25, and 28 does not have a portion exposed from
the associated conductive pattern 33, 35, or 38 1n plan view.

FIG. 3A 1s a schematic cross-sectional view showing a
configuration in a region 3A shown i FIG. 2B 1n more
detail. FIG. 3B 1s a schematic cross-sectional view showing
a configuration 1n a region 3B shown i FIG. 2B 1n more

detail. As shown 1n FIG. 3A, the gate electrode G2 has a
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structure 1n which a polycrystalline silicon film 71 and a
metal film 72 are stacked 1n this order. The gate electrode G2
may be referred to as having a laminated structure. The
structure of the gate electrode G2 1s not specifically limited

to any form and may be a stacked structure formed of 5

polycrystalline silicon, metal such as Ti, W, or AL, its
nitride, or its oxide. The gate electrode G1 may have the
same structure as the gate electrode G2. The gate electrode
(G1 may be referred to having the same laminated structure
as gate electrode G2. However, gate electrode G1 may be
partly or entirely different 1n structure and/or material from
the gate electrode G2. Similarly to the gate electrode G2, the
conductive pattern 33 covering the diffusion region 23 also
has the structure 1n which the polycrystalline silicon film 71
and the metal film 72 are stacked in this order. The conduc-
tive pattern 33 may be referred to as having the same
laminated structure as gate electrode G2. However, 1t 1s not
essential that the conductive pattern 33 has the same struc-
ture as the gate electrode G2. The conductive pattern 33 may
have the same structure as the gate electrode G1, or may
have a structure different from those of the gate electrodes
(1 and G2 as long as 10n implantation to the diflusion region
23 1s prevented. In a case where the gate electrode G2 and
the conductive pattern 33 have the same stacked structure as
cach other, they can be formed simultaneously. Insulating
films 60 are provided between the diffusion region 21 and
the gate electrode G1, between the diflusion region 22 and
the gate electrode G2, and between the diflusion region 23
and the conductive pattern 33. Among those insulating films
60, the mnsulating films 60 provided between the diffusion
region 21 and the gate electrode G1 and between the
diffusion region 22 and the gate electrode G2 serve as gate
insulating films. The gate msulating films 60 are made of a
material having a high dielectric constant, and the dielectric
constant of that material 1s higher than that of silicon oxide.
For example, 1n some embodiments of the disclosure, the
material of the gate insulating films 60 1s hatnium oxide.
However, other materials may be used for the insulating
firms without departing from the scope of the disclosure. In
this manner, the insulating films (gate msulating films) 60
covering the diffusion regions 21 and 22 and the insulating
film 60 covering the diffusion region 23 have the same
stacked structure as one another and can be formed simul-
taneously. The top surfaces of the gate electrodes G1 and G2
and the top surface of the conductive pattern 33 are covered
by an 1mnsulating film 81 that 1s made of, for example, silicon
nitride. Further, the side surfaces of the gate electrodes G1
and G2 and the side surface of the conductive pattern 33 are
covered by spacer films 82 and 83 and a liner film 84. The
liner film 84 is covered by an SOD film 85.

As described above, 1n a semiconductor device according
to the present disclosure, the diffusion region 23, 25, or 28
extending 1n the Y direction 1s arranged between a P-type
diffusion region and an N-type diffusion region, and there-
fore the volume of STI regions 1s reduced while a certain
distance in the X direction between the P-type diffusion
region and the N-type diflusion region 1s ensured. Accord-
ingly, the migration amount of oxygen contained 1n the STI
regions 1s reduced, and thus it 1s possible to prevent change
of the threshold of a transistor even when the gate imnsulating
film 60 1s made of a material having a high dielectric
constant. Further, since the diffusion regions 23, 25, and 28
are respectively covered by the conductive patterns 33, 35,
and 38, 1on implantation into the diffusion regions 23, 25,
and 28 can be prevented as described later.

Next, a manufacturing process of the semiconductor
device according to the present disclosure 1s described. First,
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4

the STI regions 11 to 14 are formed 1n a semiconductor
substrate as shown in FIG. 4. Portions surrounded by the ST1
regions 11 to 14 1n plan view are the diffusion regions 21, 22,
24, 26, 27, and 29. Further, the diffusion regions 23, 25, and
28 extending 1n the Y direction are formed between STI
regions that are adjacent to each other i the X direction.
Next, the insulating film 60 1s formed, and thereafter the gate
electrodes G1, G2, G4, G6, G7, and G9 and the conductive
patterns 33, 35, and 38 are formed. Since the gate electrodes
(1, G2, G4, G6, G7, and GY and the conductive patterns 33,
35, and 38 are simultanecously formed, they have the same
stacked structure as one another. Next, as shown 1n FIG. 5A,
ion implantation of P*-type dopant is performed while the
diffusion regions 22, 26, and 27 are covered by a mask 91.
Accordingly, P"-type dopant is implanted into uncovered
portions of the diffusion regions 21, 24, and 29 which are not
covered by the gate electrodes G1, G4, and 9, so that
P-type source/drain regions are formed. Consequently,
P-channel MOS transistors are formed. At this time, the
P*-type dopant is not implanted into the diffusion regions
22, 26, and 27 because those regions are covered by the
mask 91. Also for the diffusion regions 23, 25, and 28
extending 1n the Y direction, the P*-type dopant 1s not
implanted because those regions are entirely covered by the
conductive patterns 33, 35, and 38. At this time, the mask 91
may cover a part of each of the diffusion regions 23, 25, and
28. Next, as shown in FIG. 5B, ion implantation of N™-type
dopant 1s performed while the diffusion regions 21, 24, and
29 are covered by a mask 92. With this process, the N™- -type
dopant 1s 1implanted nto uncovered portions of the diffusion
regions 22, 26, and 27 which are not covered by the gate
clectrodes G2, G6, and G7, so that N-type source/drain
regions are formed. Consequently, N-channel MOS transis-
tors are formed. At this time, the N™-type dopant 1s not
1mplanted into the diflusion regions 21, 24, and 29 because
those reglons are covered by the mask 92. Also for the
diffusion regions 23, 25, and 28 extending 1in the Y direction,
the N™-type dopant is not implanted because those regions
are entirely covered by the conductive patterns 33, 35, and
38. At this time, the mask 92 may cover other portions of the
diffusion regions 23, 25, and 28.

With the above processes, the P-channel MOS transistors
are formed 1n the diffusion regions 21, 24, and 29, and the
N-channel MOS transistors are formed in the diffusion
regions 22, 26, and 27. Meanwhile, since both the P*-type
dopant and N™-type dopant are not implanted into the
diffusion regions 23, 25, and 28 extending 1n the Y direction,
the 1mpurity concentrations of those regions are kept low.
Theretfore, there 1s no possibility of occurrence of latch-up
by a PN junction, unlike a case where the P+-type dopant 1s
implanted into portions of the diffusion reglons 23, 25, and
28 on the side close to the P-type diffusion regions 21, 24,
and 29 and the N™-type dopant is implanted to portions of
the diffusion regions 23, 25, and 28 on the side close to the
N-type diffusion regions 22, 26, and 27.

Although this invention has been disclosed 1n the context
of certain preferred embodiments and examples, it will be
understood by those skilled in the art that the inventions
extend beyond the specifically disclosed embodiments to
other alternative embodiments and/or uses of the inventions
and obvious modifications and equivalents thereof. In addi-
tion, other modifications which are within the scope of this
invention will be readily apparent to those of skill 1n the art
based on this disclosure. It 1s also contemplated that various
combination or sub-combination of the specific features and
aspects of the embodiments may be made and still fall within
the scope of the inventions. It should be understood that
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various features and aspects of the disclosed embodiments
can be combined with or substituted for one another 1n order
to form varying mode of the disclosed invention. Thus, it 1s
intended that the scope of at least some of the present
invention herein disclosed should not be limited by the
particular disclosed embodiments described above.

The invention claimed 1s:

1. An apparatus comprising:

a semiconductor substrate including first and second STI
regiens arranged 1n a first direction, a first diffusion
region having a first eenduetlwty type surrounded by
the first STI region, a second diffusion region having a
second conductivity type different from the first con-
ductivity type surrounded by the second STI region,
and a third diffusion region extending i a second
direction perpendicular to the first direction such that
the third diffusion region is arranged between the first
and second STI regions;

a first gate electrode including a first pelyerystalhne
silicon film covering a part of the first diffusion region
to form a P-channel MOS transistor;

a second gate electrode including a second polycrystalline
silicon film covering a part of the second diffusion
region to form an N-channel MOS transistor; and

a third polycrystalline silicon film extending 1n the second
direction such that the third polycrystalline silicon film
covers the third diffusion region.

2. The apparatus of claim 1, wherein an 1impurity con-
centration of the third diffusion region 1s lower than those of
the first and second diffusion regions.

3. The apparatus of claim 1,

wherein the first gate electrode further includes a first
metal film formed on the first polycrystalline silicon
film,

wherein the second gate electrode further includes a
second metal film formed on the second polycrystalline
silicon film, and

wherein the apparatus further comprises a third metal film
formed on the third polycrystalline silicon film.

4. The apparatus of claim 3, further comprising:

a first mnsulating film arranged between the first diffusion
region and the first gate electrode;

a second insulating film arranged between the second
diffusion region and second gate electrode; and

a third msulating film arranged between the third diflusion
region and the third polycrystalline silicon film.

5. The apparatus of claim 4, wherein the first, second, and
third insulating films comprise the same insulating material
as one another.

6. The apparatus of claim 5, wherein each of the first,
second, and third insulating films includes an insulating
material having a dielectric constant higher than that of a
s1licon oxide.

7. The apparatus of claim 6, wherein the insulating
material comprises a hainium oxide.

8. An apparatus comprising;

a semiconductor substrate including a plurality of first
diffusion regions having a first conductivity type
arranged 1 a first direction, a plurality of second
diffusion regions having a second conductivity type
different from the first conductivity type arranged in the
first direction, and a third diffusion region extending n
the first direction such that the third diffusion reglen 1S
arranged between the plurality of first diflusion regions
and the plurality of second diffusion regions 1n a second
direction perpendicular to the first direction;
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6

a first STI region arranged between the plurality of first
diffusion regions and the third diffusion region;

a second STI region arranged between the plurality of
second diffusion regions and the third diffusion region;

a plurality of first gate electrodes covering a part of an
associated one of the plurality of first diffusion regions
to form a plurality of P-channel MOS transistors;

a plurality of second gate electrodes covering a part of an
associated one of the plurality of second diffusion
regions to form a plurality of N-channel MOS transis-
tors; and

a first conductive pattern extending 1n the first direction
such that the first conductive pattern covers the third
diffusion region, the first conductive pattern having the
same laminated structure as each of the first and second
gate electrodes.

9. The apparatus of claim 8, wherein the first conductive

pattern includes a polycrystalline silicon film.

10. The apparatus of claim 9, wherein the first conductive

pattern further includes a metal film formed on the polycrys-
talline silicon film.

11. The apparatus of claim 10, further comprising:

a plurality of first insulating films each arranged between
an associated one of the first diffusion regions and an
associated one of the first gate electrodes;

a plurality of second insulating films each arranged
between an associated one of the second diffusion
regions and an associated one of the second gate
electrodes; and

a third insulating film arranged between the third diffusion
region and the first conductive pattern,

wherein each of the first, second, and third insulating
films 1ncludes an msulating material having a dielectric
constant higher than that of a silicon oxide.

12. The apparatus of claim 11, wherein the insulating

material comprises a hainium oxide.

13. The apparatus of claim 8, wherein an 1mpurity con-

centration of the third diffusion region 1s lower than those of
the first and second diffusion regions.

14. The apparatus of claim 8,

wherein the semiconductor substrate further includes a
plurality of fourth diffusion regions having the first
eenduetlwty type arranged in the first direction and a
fifth diffusion region extending in the first direction
such that the plurality of fourth diffusion reglens are
arranged between the plurahty of first diflusion regions
and the fifth diffusion reglen in the second direction,

wherein the first STI region 1s further arranged between
the plurality of first diffusion regions and the plurality
of fourth diffusion regions and between the plurality of
fourth diffusion regions and the fifth diffusion region,
and

wherein the apparatus further comprises a second con-
ductive pattern extending in the first direction such that
the second conductive pattern covers the fifth diffusion
region, the second conductive pattern having the same
laminated structure as each of the first and second gate
clectrodes.

15. The apparatus of claim 14,

wherein the semiconductor substrate further includes a
plurality of sixth diffusion regions having the second
conductivity type arranged in the first direction, and

wherein the fifth diffusion reglen 1s arranged between the
plurality of fourth diffusion regions and the plurality of
sixth diffusion regions in the second direction.
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16. The apparatus of claim 15,

wherein the semiconductor substrate further includes a
plurality of seventh diffusion regions having the second
conductivity type arranged 1n the first direction and an
cighth diffusion region extending in the first direction 5
such that the plurality of seventh diffusion regions are
arranged between the plurality of second diffusion
regions and the eighth diffusion region 1n the second
direction,

wherein the second STI region i1s further arranged 10
between the plurality of second diffusion regions and
the plurality of seventh diffusion regions and between
the plurality of seventh diffusion regions and the eighth
diffusion region, and

wherein the apparatus further comprises a third conduc- 15
tive pattern extending 1n the first direction such that the
third conductive pattern covers the eighth diffusion
region, the third conductive pattern having the same
laminated structure as each of the first and second gate
clectrodes. 20

17. The apparatus of claim 16,

wherein the semiconductor substrate further includes a
plurality of ninth diffusion regions having the first
conductivity type arranged in the first direction, and

wherein the eighth diffusion region 1s arranged between 25
the plurality of seventh diffusion regions and the plu-
rality of ninth diffusion regions 1n the second direction.
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